Synthetic Procedure

Chitosan Mesylate (Mes-CS) (2 i-v )
Free base chitosan (1 i-v ) (1 g, 6 mmol) was suspended in methanesulfonic acid (CH 3 SO 3 H) (10 mL, 0.153 mol) and cooled to 10 °C. To the reaction mixture, H 2 O (~10 mL) was added dropwise until a clear homogeneous solution was obtained. The reaction mixture was then stirred for 1 h before precipitating with EtOH (40 mL) resulting in a gel-like precipitate. The precipitate was filtered under suction using a sintered funnel and washed with EtOH (3 × 25 mL), followed by washing with acetone (3 × 20 mL). The material was then allowed to air-dry for 1 h. This salt precipitate was redissolved in a minimum quantity of H 2 O (5-10 mL) and reprecipitated using acetone (60 mL), filtered, washed with acetone (2 × 30 mL) and the obtained material further dried in a vacuum oven at 40 °C overnight to afford corresponding finely powdered off-white chitosan mesylate salt (2 i-v ) (1.39 g, 90%). FT-IR . 1 H NMR (400 MHz, D 2 O): δ 2.06 (s, CH 3 C=O (Glc-NAc)), 2.81 (s, CH 3 S), 3.17 (m, H-2 (GlcN)), 3.6-4.1 (m, H-2 (GlcNAc), H-3-H-6′), 4.86 (H-1, partially overlapped with the HOD peak) ppm.
3,6-di-O-tert-Butyldimethylsilyl-chitosan (diTBDMS-CS) (3 i-v )
Chitosan mesylate (2 i-v ) (1 g, 3.97 mmol) was dissolved in dry DMSO (15 mL) under N 2 atmosphere. To this reaction mixture, imidazole (2.71 g, 39.74 mmol) and TBDMSCl (2.99 g, 19.87 mmol) in dry DMSO (13 mL) wereadded dropwise, and the resulting mixture was stirred at 25 °C. During the addition of the reagents, the reaction mixture turned cloudy, and eventually, sometime after completion of the addition, a solid gel-type material separated out from the solution. The reaction mixture was stirred for 24 h at 25 °C and then filtered by using a sintered funnel, and the solid obtained was continuously triturated while washing with H 2 O (5 × 30 mL), followed by washing with CH 3 CN (3 × 20 mL). The material was air dried and then further dried in a vacuum oven at 40 °C overnight, to afford corresponding off-white finely powdered silyl protected DiTBDMS-CS compound (3 (br s, CH 3 C=O (GluNAc)), 2.71 (br s, H-2), 3.32 (br s, H-5), 3.49 (br s, H-3), 3.67 (br s, H-4), 3.85-3.90 (br s, H-6, H-6′), 4.29 (br s, H-1) ppm.
N-(Bromoacetyl)-3,6-di-O-TBDMS-chitosan (BrA-diTBDMS-CS) (4 i-v )
Silyl chitosan 3 i-v (1 g, 2.6 mmol) was dissolved in dry CH 2 Cl 2 (15 mL) under N 2 atmosphere.
The reaction mixture was cooled to −20 °C by using a salt-ice cooling mixture. To the reaction mixture, Et 3 N (1.81 mL, 13 mmol) was added, followed by the slow dropwise addition of bromoacetyl bromide (0.91 mL, 10 mmol). Stirring was continued for 1 h at a constant temperature maintained at −20 °C before the reaction mixture was diluted with CH 2 Cl 2 (30 mL) and concentrated in vacuo. N, 
Freshly prepared bromoacyl intermediate 4 i-v (450 mg, 0.9 mmol) was dissolved in CH 2 Cl 2 (10 mL)
under N 2 atmosphere. Excess Me 3 N (4.2 molar in EtOH) (10 mL) was added, and the resulting mixture was stirred for 24 h at 25 °C. The reaction mixture was concentrated in vacuo to isolate the corresponding crude Product 5 i-v . These crude materials were used directly for the next deprotection step without any purification and characterization. and stirred in excess pyridine (15 mL) for 24 h at 25 °C under N 2 atmosphere. The reaction mixture was concentrated completely in vacuo to isolate the corresponding crude product (7
N-(2-(1-Pyridiniumyl)acetyl)-3,6-di-O-TBDMS-chitosan
i-v
). These crude materials were used directly for the next deprotection stage without any further purification or characterization.
General Procedures for N-Quaternized-hexanoyl-chitosan Derivatives
N-(6-Bromohexanoyl)-3,6-di-O-TBDMS-chitosan (BrHA-diTBDMS-CS) (9 i-v )
Silyl chitosan 3 i-v (0.5 g, 1.3 mmol) was dissolved in dry CH 2 Cl 2 (15 mL) under N 2 atmosphere.
The reaction mixture was cooled to -20 °C by using a salt-ice mixture. To the reaction mixture, Et 3 N (0.91 mL, 6.5 mmol) was added followed by the slow dropwise addition of 6-bromohexanoyl chloride (0.8 mL, 5.2 mmol). The stirring continued for 1 h while constantly maintaining a temperature at −20 °C. The reaction mixture was diluted with CH 2 Cl 2 (35 mL) and concentrated in vacuo. The isolated crude product was triturated and stirred with CH 3 CN (30 mL Figure 4C) 
N-(6-(N,N,N-Trimethylammoniumyl)hexanoyl)-3,6-di-O-TBDMS-chitosan Bromide/Iodide (10
Freshly prepared bromohexanoyl compound (9 i-v ) (450 mg, 0.8 mmol) was dissolved in CH 2 Cl 2 (12 mL) under N 2 atmosphere. To the reaction mixture, excess Me 3 N (4.2 molar in EtOH) (15 mL) was added, and the resulting mixture was stirred for 24 h at 25 °C. Some white precipitate was formed as the reaction progressed, and this increased after the addition of a catalytic amount of KI. The stirring was continued further for 24 h. The reaction mixture was concentrated in vacuo to isolate the corresponding crude Product 10 i-v
. These crude materials were washed with diethyl ether, filtered, dried and then used directly for the next deprotection stage without any further purification or characterization.
N-(6-(1-Pyridiniumyl)hexanoyl)-3,6-di-O-TBDMS-chitosan Bromide/Iodide (12
Freshly prepared bromohexanoyl compound (9 i-v ) (400 mg, 0.71 mmol) was dissolved in CH 2 Cl 2 (5 mL) under N 2 atmosphere. To the reaction mixture, excess quantity of pyridine (15 mL) and catalytic amount of KI was added, and the resulting mixture continued to be stirred for 48 h at 25 °C. The reaction mixture was concentrated completely in vacuo to isolate the corresponding crude product (12 i-v ). These crude materials were washed with diethyl ether, filtered, dried and then used directly for the next deprotection stage without any purification and characterization.
General TBDMS Deprotection Procedure to Give the Final Quaternary
AmmoniumylandPyridiniumylDerivatives(6
The compounds (5 i-v , 7 i-v , 10 i-v or 12 i-v ) (300 mg)weredissolved in MeOH (4-5 mL), and concHCl
(1-2 mL) was added. The reaction mixture was stirred for 12 h at 25 °C, diluted with H 2 O (10 mL) and, then, ion exchanged by adding 10% NaCl (aqueous) (w/v) (15 mL), and the resulting mixture was stirred for 1 h at 25 °C. The colorless solution was then dialyzed against 5% aqueous NaCl solution for oneday and then against deionized water for twodays, before it was freeze-dried to afford the corresponding deprotectedwater-soluble, white, fluffy quaternized product (6 i-v , 8 i-v , 11 i-v or 13 i-v ).
The deprotection was repeated if needed to remove traces of silyl impurities that could be observed in 1 H NMR after the first round. Figure 4D ). Figure 4E ).
N-(2-(N,N,N-trimethylammoniumyl)acetyl)-chitosan chloride (TMA-CS) (6 i-v ). FT-IR (
N-(6-(1-pyridiniumyl)hexanoyl)-chitosan chloride (13 i-v
General Procedure for N-Quaternized-chitosan
N,N,N-Trimethyl-3,6-di-O-TBDMS-chitosan Iodide (14 i-v )
Silyl chitosan 3 i-v (1.42 g, 3.6 mmol) was dissolved in dry NMP (20 mL). To the reaction mixture, cesium carbonate (Cs 2 CO 3 ) (4.63 g, 14.2 mmol) was added and the solution stirred for 1 h, followed by dropwise addition of CH 3 I (1.11 mL, 17.8 mmol) under cooling. The reaction was carried out in a closed reaction vial at 50 °C for 48 h. The solution was then dialyzed against deionized water for twodays and freeze-dried to afford a dark red product (14 i-v ) (1.85 g, 93% 
N,N,N-Trimethyl Chitosan Chloride (TMC) (15 i-v )
Compound14 i-v (1.85 g, 3.30 mmol) was deprotected by treatment with tetrabutyl ammonium fluoride (TBAF) (1 molar) solution in NMP (10 mL) at 50°C for 48 h. The resulting solution was dialyzed for two days against deionized water, then ion-exchanged with 10% NaCl (aqueous) (w/v) overnight, and this was then followed by dialysis against deionized water for another two days. The resulting compound was then freeze-dried, giving a light brown and fluffy trimethylated CS (15 i-v ) (650 mg, 74.2%). In cases where 1 H NMR analysis showed that the trimethylated chitosan was not fully deprotected, the deprotection process was repeated. FT-IR ( Series 15
